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Abstract
Background: Emissions from refineries include a wide range of substances, such as chrome, lead, nickel, zinc,
arsenic, cadmium, benzene, dioxins and furans, all of which are recognized by the International Agency for
Research on Cancer (IARC) as carcinogens.
Various studies have shown an association between non-Hodgkin lymphoma (NHL) and residence in the vicinity of
industrial areas; however, evidence of specific association between refineries and residence in the vicinity has been
suggested but not yet established.
The aim of this study is to investigate potential links between environmental exposure to emissions from refineries
and non-Hodgkin lymphoma mortality in Spain.
The spatial distribution of NHL in Spain has an unusual pattern with regions some showing higher risk than others.
Methods: We designed an analysis of matched geographical areas to examine non-Hodgkin lymphoma mortality
in the vicinity of the 10 refineries sited in Spain over the period 1997-2006. Population exposure to refineries was
estimated on the basis of distance from town of residence to the facility in a 10 km buffer.
We defined 10 km radius areas to perform the matching, accounting for population density, level of
industrialization and socio-demographic factors of the area using principal components analysis.
For the matched towns we evaluated the risk of NHL mortality associated with residence in the vicinity of the
refineries and with different regions using mixed Poisson models. Then we study the residuals to assess a possible
risk trend with distance.
Results: Relative risks (RRs) associated with exposure showed similar values for women and for men, 1.09 (0.97-
1.24) and 1.12 (0.99-1.27). RRs for two regions were statistically significant: Canary Islands showed an excess of risk
of 1.35 (1.05-1.72) for women and 1.50 (1.18-1.92) for men, whilst Galicia showed an excess of risk of 1.35
(1.04-1.75) for men, but not significant excess for women.
Conclusions: The results suggest a possible increased risk of NHL mortality among populations residing in the
vicinity of refineries; however, a potential distance trend has not been shown. Regional effects in the Canary Islands
and Galicia are significantly greater than the regional average.
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Emissions from refineries include a wide range of sub-
stances such as chrome, lead, nickel, zinc, arsenic, cad-
mium, benzene, dioxins and furans, all of which are
recognized by the International Agency for Research on
Cancer (IARC) [1] as carcinogens. Concern about these
emissions and their effect on cancer has been studied in
several countries such as Sweden, the United States, Italy,
the United Kingdom and Taiwan. In many cases the
results of those studies suggested association but without
statistical significance. A resent Swedish study over a
region with high concentration of petrochemical industries
showed no excess of risk for lung, leukemia, lymphoma,
liver or central nervous system cancer [2]. The study used
small subareas that were classified as “low” or “high”
exposed areas according to monitored measures of pollu-
tants. Another recent study in the United States conducted
a matched case-control analysis to study lung cancer in a
region of Louisiana with high concentration of petrochem-
ical industries [3]. Exposure was approximated by 3 com-
puted buffers at 0.5 miles, 1 mile and 2 miles. Although
cases were more likely to have lived close to a petrochem-
ical site no significant association was established. In Italy
another case-control study in the vicinity of a petrochem-
ical plant located in Brindisi showed moderate increases in
risk for lung, bladder and lymphohematopoietic neoplasms
among the population resident within 2 km from the site
[4]; however, those increases were not statistically signifi-
cant. In the UK, Wilkinson et al. [5] conducted a study to
analyse the incidence of lymphohematopoietic malignancy
at small area level within 7.5 km from 11 oil refineries. No
evidence of association between residence in the vicinity
of the oil refineries and increase in incidence was found.
In another study in the UK, a region with large industrial
activity including petrochemical complexes was compared
with a region with no industry but similar socio-econom-
ical characteristics [6]. The industrialized area showed an
increase in risk of lung cancer in women. And in Taiwan,
Yang et al. [7] reported increased incidence of liver cancer.
The association between non-Hodgkin lymphoma
(NHL) and residence in the vicinity of industrial areas
has been analyzed in various studies. A case-control
study conducted in Canada showed for women
increased risk for NHL with proximity to copper smel-
ters and sulphite pulp mills [8]. A study of NHL mortal-
ity in Spain showed increased risk associated with
proximity to paper and pulp industry [9]. A recent study
in France found increased NHL risk among people liv-
ing near to solid waste incinerators [10]. Several studies
conducted in the US specifically evaluated petrochemical
industries. One case-control study [11] evaluated the
risk of NHL associated with residence within 2 miles of
industrial facilities. Residence near refineries showed an
association with risk for follicular lymphoma though it
was not statistically significant. A previous case-control
study [12] found a statistically significant increase in
risk of NHL for those living near industrial facilities;
however, specific association with petrochemical indus-
try was not statistically significant.
In Spain the concern about pollutant emissions from
petrochemical plants has motivated several studies
focused in regions with high concentration of chemical
and petrochemical sites in the east and south of the
Iberian Peninsula [13-15]. However, to the best of our
knowledge this is the first study that analyses all the
Spanish refineries jointly in the same model in relation
to health outcomes.
The aim of this study is to investigate potential links
between environmental exposure to emissions from refi-
neries and non-Hodgkin lymphoma mortality in Spain;
for that purpose we designed and conducted an ecologi-
cal study using matched geographic areas to control for
potential confounders.
Methods
Studied period, mortality and population data
Observed municipal mortality data corresponding to
deaths coded as non-Hodgkin lymphoma were drawn
from the records of the National Statistics Institute (INE)
over the period 1997-2006 for the 8098 Spanish municipa-
lities; codes 200, 202 under International Classification of
Diseases-9
th Revision (ICD-9) and C82-C84, C96 (ICD-
10). Expected cases were calculated by taking the specific
rates for Spain as a whole, broken down by age group (18
groups, 0-4, 5-9,...,85 and over), sex, and five-year period
(1997-2001, 2002-2006), and multiplying these by the per-
son-years for each town, broken down by the same strata.
For calculation of person-years, the two five-year periods
were considered separately, with data corresponding to
1999 and 2004 taken as the estimator of the population
for each five-year period.
The spatial distribution of NHL mortality risk presented
in a previous cancer atlas showed a characteristic pattern
with high risk and low risk regions [16]. To include this
regional variability in the analysis we used a regional cov-
ariate named CCAA (Figure 1).
Industrial facilities information
Information about the industrial facilities was obtained
from the European Pollutant Release and Transfer Register
(E-PRTR) created by the European Commission (E-PRTR
2007). This register makes it compulsory for European
industrial facilities to declare all emissions that exceed the
designated thresholds. It gathers information on releases,
industrial activities and waste management. E-PRTR
records thus constitute a public inventory of industries
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tion [9,17,18]. According to the Spanish register, PRTR-
Spain (Ministry for the Environment and Rural & Marine
Habitats, 2007), there were 10 refineries operating in
Spain in 2007. Figure 1 shows a map with the location of
the 10 refineries. The first started to operate in 1930 and
the last in 1974; however most of them started to operate
in the 1960s.
During the year 2007 the Spanish refineries released
around 100,000 tonnes of pollutants, half of which are clas-
sified as hazardous, and many released substances asso-
ciated with cancer by the IARC, such as chrome, lead,
nickel, zinc, arsenic, cadmium, benzene, dioxins and furans.
A summary of released substances is given in the Addi-
tional file 1.
Socio-demographic covariates
Socio-demographic data was obtained from the 1991
census. Particular covariates were chosen for their
availability at municipal level and potential explana-
tory ability over certain geographic mortality patterns.
The chosen covariates were: population density; per-
centage of illiteracy (illiteracy), percentage of unem-
ployed (unemployed); percentage of farmers (farmers);
percentage of over 65 (p65); average persons per
household according to the 1991 census (pph); and
mean income as a measure of income level (income)
[19]. We used the 1991 census, previous to the studied
period to account for the latency period [20]. Before
their inclusion in the model the covariates were
standardized.
Exposure coding
We constructed metrics for residential proximity to the 10
refineries. We computed the distance between each muni-
cipality and each industrial site considering the centroid as
measurement point in both cases. We considered the
municipal centroid to be the centre of the town and refin-
ery centroid to be the central point of the facility. We
defined as exposed those municipalities with maximum
distance from a site of 10 km and not exposed the remain-
ing municipalities (variable Expo).
 <  0.67
0.67 - 0.77
0.77 - 0.91
0.91 - 0.95
0.95 - 1.05
1.05 - 1.1
1.1 - 1.3
1.3 - 1.5
 >  1.5
Galicia
Asturias Cantabria Basque 
Country
Navarra Aragon
Catalonia
La Rioja
Balearic Islands
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Andalusia
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Canary Islands
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Extremadura
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(2 refineries)
Figure 1 Map of RR at municipal level. Regions boundaries black lines. Refinery locations in blue.
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As a first approach we performed an exploratory analy-
sis over the 8098 municipalities. We fitted a Besag, York
and Molliè (BYM) model. This model is based in a Pois-
son regression with an unstructured random effect and
a spatial random effect to account for the spatial struc-
tures of the data [21]. We included the exposure vari-
able (Expo) as well as the socio-demographic covariates
(Soc) and region (CCAA). Relative risks (RRs) and their
95% credible intervals (95% CIs) were estimated for the
covariates.
Model 1
Oi ∼ Poisson(μi = Eiλi)
log(λi)=ρ + αi ∗ Expoi +

j
βjSocij + CCAAi + hi + bi
⇒ log(μi)=l o g( Ei)+ρ + αi ∗ Expoi +

j
βjSocij + CCAAi + hi + bi
hi ∼ Normal(0,τh)
bi ∼ Car.Normal(ηi,τb)
Where i is the municipality and j the covariate
Area matching
In a second stage we performed a matched analysis; for
this purpose we first defined geographical areas as follows.
The exposed areas (Expo) were defined around the 10 refi-
neries using a 10 km buffer; the centre of the buffer was
the centre of the refinery. Each of these 10 exposed areas
included all the municipalities whose centroids were
located within the 10 km buffer. We aggregated the mor-
tality figures and computed new values for socio-demo-
graphic covariates. We then constructed a 10 km radius
buffer around each Spanish municipality to define the
non-exposed areas, giving 8098 overlapping areas. For
each of the areas we aggregated the mortality figures from
the contained municipalities and computed new values for
socio-demographic covariates using data from the munici-
pal socio-demographic covariates and combining them as
the means weighted by population sizes.
For each of the exposed areas we then selected a small
number of non-exposed areas by matching. We carried
out the matching according to similarity of socio-demo-
graphic and industrial characteristics. We used the follow-
ing strategy to select the matched areas for each exposed
area (Figure 2). Initially, we selected the 10% (809) most
similar non-exposed areas according to the population
density. Then, among these we selected around 15% of the
areas with equal or very similar number of PRTR indus-
tries. Next, over the remaining areas we performed a prin-
cipal component analysis using the socio-demographic
covariates; based on these results we selected the 6 most
similar areas (or 8 areas for the exposed area with the
highest population density) with the restriction of their
not overlapping so as to avoid having the same municipal-
ity in two different areas. Finally, we defined 10 matching
groups, one for each exposed area (refinery); each of these
matching groups had one exposed area and 6 (or 8) non-
exposed areas. We then defined a new variable accounting
for the matching group (Group).
Matched areas analysis
For this analysis we fitted a Poisson regression with
mixed effects (Model 2) to the data from the 72
matched areas. The variables included in the model
were the exposure (Expo), socio-economic covariates
(Soc), region (CCAA) as fixed effects and matching
group (Group) variables as random effect. RRs and their
95% CIs were estimated.
Model 2
Ogi ∼ Poisson(μgi = Egiλgi)
log(λgi)=ρ + αgi ∗ Expoi +

j
βjSocgij + CCAAgi + Groupgi
Groupi ∼ Normal(0,τh)
Where g is the matching group, i is the municipality
and j the covariate
Finally, we studied possible changes (gradient) in the
mortality risk distribution with increasing distance
between the refineries and the municipal centroids. We
fitted Model 2 again but without the exposure variable
(Expo). Then we assessed the behaviour of the residuals
with increasing distance and compared results for the
exposed and non-exposed municipalities. To be able to
do the comparison we needed distances for the non-
exposed areas; therefore, we constructed artificial dis-
tances. We assumed that each of the 62 non-exposed
areas had a refinery in its centre and we computed the
distance from each municipal centroid to this imaginary
point source. Then we used these distances and the dis-
tances to the real refineries in the exposed areas to fit
non-parametric smoothers to the residuals (lowess) [22].
We fitted all models for men and women separately.
We fitted the BYM and mixed models by Integrated
Nested Laplace Approximations (INLAs) [23], using the
R package R-INLA. We fitted the non-parametric
smoothers by local polynomial regression function loess
from the R package stats.
Results
For the studied period a total of 12,229 men and 11,109
women died of non-Hodgkin lymphoma in Spain, out of
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cific data regarding the exposed areas and the refineries.
As already mentioned, all 10 refineries have been work-
ing for decades. The total number of municipalities
within the 10 km buffers around the 10 refineries was
77, varying from 2 to 24 per refinery; the mean popula-
tion ranged from 28,357 to 354,351 with a total of
1,744,988; and the number of E-PRTR factories in the
vicinity of each of the municipal centroids varied from 0
to 55. According to the data, a total around 1% (77/
8098) of the municipalities were classified as exposed,
corresponding to around 4.3% of the population.
Regarding the number of cases, 675 (5.52%) men and
614 (5.53%) women fell in the exposed category. The
standardized mortality ratios (SMR = obs/exp) were
greater than 1 in the majority of the areas, with overall
values of 1.24 for men and 1.22 for women.
For both models the reference region for the CCAA
variable was Andalusia. We made this choice for two
reasons: firstly, the SMR for Andalusia was the closest
to one (SMR = 0.97); secondly, Andalusia is the biggest
Spanish region. Table 2 shows the estimated RR and
their 95% CIs for both analyses. The two left hand side
columns show the results for the spatial analysis with
BYM model (Model 1) whilst the two right hand side
columns show the results for the matched analysis. For
the spatial model, RRs for the exposure variable (Expo)
showed very similar values for women and for men, 1.13
(1.01-1.26) and 1.12 (1.00-1.26). RRs for three regions
were statistically significant higher than one, Canary
I s l a n d ss h o w e da ne x c e s so fr i s ko f1 . 4 4( 1 . 2 7 - 1 . 6 3 )f o r
women and 1.41 (1.25-1.59) for men, Galicia showed an
excess of risk of 1.25 (1.12-1.39) for women and 1.39
(1.25-1.54) for men, and Asturias showed an excess of
risk of 1.35 (1.16-1.58) for men. There were also regions
with RRs statistically significant lower than one, such as
Madrid with 0.8 (0.7-0.92) for women and 0.79 (0.69-
0.91) for men, and Extremadura with 0.83 (0.72-0.96)
for men.
The matching strategy produced a sample of 72 areas,
62 non-exposed areas to add to the 10 exposed areas,
giving a total of 528 municipalities for the matched ana-
lysis (77 exposed and 451 non-exposed). Figure 3 pre-
sents a map with the areas’ locations; the exposed areas
(refineries) are shown as blue dots and the matched
non-exposed areas as red dots. The two right hand side
8098 
809 
 120 
6 
10% more similar in population density 
similar number of E-PRTR  factories  
Principal component analysis with socio-demographic 
covariates. Similar results nonoverlapping 
Initial 10 km areas 
Matched areas per refinery 
|
Figure 2 Diagram of the matching strategy.
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Page 6 of 12columns of Table 2 show the results for the matched
analysis. Resulting RRs for the exposure variable (Expo)
showed similar values for women and for men overall,
1.09 (0.97-1.24) and 1.12 (0.99-1.27) respectively. RRs
for two regions were statistically significant higher than
o n e ,C a n a r yI s l a n d ss h o w e da ne x c e s so fr i s ko f1 . 3 5
(1.05-1.72) for women and 1.50 (1.18-1.92) for men and
Galicia showed an excess of risk of 1.35 (1.04-1.75) for
men. Also Madrid showed a RR for women statistically
significant lower than one, 0.64 (0.42-0.98), and Valencia
showed for men a decrease in risk of 0.69 (0.53-0.91).
T h ea n a l y s e so ft h er a n d o me f f e c t sa n dr e s i d u a l sd i d
not show any discernible trend with distance, nor was
there much difference between exposed and non-
exposed populations (Figure 4).
Discussion
The results suggest association between non-Hodgkin
lymphoma mortality risk and residence within 10 km of a
refinery. Estimated RRs showed around a 10% increased
risk for the exposed municipalities for both men and
women. For the exploratory analysis with the whole coun-
try (8098 municipalities) these overall RRs were
statistically significant, whereas after controlling the poten-
tial confounders by the matching (528 matched municipa-
lities) they were very close to statistical significance. Two
regions showed statistically significant increase in risk with
both models, Canary Islands and Galicia; these risks were
higher than the risk associated with the exposure variable,
reaching around 40%. The analysis of the residuals showed
no change in the mortality risk distribution with increasing
distance from the municipality of residence to the refinery.
The main strength of this analysis was the control of
potential confounding by the use of a matched analysis.
Comparing the results between the spatial model and the
matched analysis we see that RRs and 95%CIs for men
are almost identical for both models, while for women
the matched analysis provided lower and not statistically
significant RRs. Values for the RRs of the regions were
also different; however, Canary Islands and Galicia’sm e n
still showed very high and statistically significant risks.
These results could suggest that the matched analysis has
eliminated part of the confounding that was affecting
women but not men.
Another important contribution was the joint study of
the 10 refineries in the same analysis. The individual
Table 2 Relative risks (RR) and 95% credible intervals (95% CIs) for men and women for the spatial analysis and
matched analysis.
Spatial analysis. Model 18098 municipalities Matched analysis. Model 2 528 municipalities
Fixed effects Women Men Women Men
RR 95%CI RR 95%CI RR 95%CI RR 95%CI
Illiteracy 0.98 (0.97-1.00) 0.99 (0.98-1.01) 0.98 (0.93-1.03) 0.99 (0.95-1.03)
Unemployed 1.00 (1.00-1.01) 1.00 (1.00-1.00) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Farmers 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Income 1.01 (0.99-1.04) 1.02 (1.00-1.04) 1.01 (0.94-1.08) 1.04 (0.97-1.11)
P65 0.99 (0.98-1.00) 0.98 (0.98-0.99) 0.98 (0.96-1.01) 1.01 (0.98-1.03)
pph 1.01 (0.89-1.14) 0.96 (0.86-1.08) 0.78 (0.52-1.15) 0.93 (0.65-1.32)
Expo 1.13 (1.01-1.26) 1.12 (1.00-1.26) 1.09 (0.97-1.24) 1.12 (0.99-1.27)
Aragon 0.92 (0.78-1.09) 0.95 (0.80-1.12) 0.80 (0.20-3.28) 0.29 (0.04-2.06)
Asturias 1.10 (0.95-1.29) 1.35 (1.16-1.58) 0.98 (0.70-1.38) 1.15 (0.82-1.65)
Balearics Isl. 1.03 (0.86-1.24) 1.08 (0.91-1.30) - -
Canary Islands 1.44 (1.27-1.63) 1.41 (1.25-1.59) 1.35 (1.05-1.72) 1.50 (1.18-1.92)
Cantabria 1.01 (0.83-1.23) 1.00 (0.82-1.22) 1.50 (0.80-2.83) 0.86 (0.39-1.91)
Castile La Mancha 0.91 (0.80-1.04) 0.88 (0.78-1.00) 0.87 (0.55-1.38) 0.88 (0.58-1.33)
Castile Leon 0.95 (0.84-1.08) 1.01 (0.89-1.15) 0.75 (0.52-1.09) 1.08 (0.78-1.48)
Catalonia 1.09 (0.98-1.22) 1.09 (0.97-1.21) 0.98 (0.77-1.24) 1.00 (0.79-1.26)
Valencia 0.90 (0.80-1.00) 0.89 (0.80-1.00) 0.81 (0.61-1.06) 0.69 (0.53-0.91)
Extremadura 0.98 (0.86-1.13) 0.83 (0.72-0.96) 0.92 (0.49-1.70) 0.78 (0.42-1.45)
Galicia 1.25 (1.12-1.39) 1.39 (1.25-1.54) 1.18 (0.91-1.55) 1.35 (1.04-1.75)
Madrid 0.80 (0.70-0.92) 0.79 (0.69-0.91) 0.64 (0.42-0.98) 0.76 (0.51-1.11)
Murcia 0.96 (0.81-1.13) 1.03 (0.88-1.21) 0.88 (0.61-1.28) 0.92 (0.64-1.33)
Navarra 0.86 (0.70-1.07) 0.83 (0.67-1.02) 0.72 (0.51-1.03) 1.08 (0.79-1.48)
Basque Country 0.99 (0.87-1.12) 1.07 (0.94-1.22) 0.92 (0.73-1.16) 0.87 (0.69-1.10)
Rioja 0.82 (0.61-1.09) 0.87 (0.66-1.14) 0.64 (0.20-2.05) 0.97 (0.39-2.42)
p65: percentage of over 65; pph: average persons per household
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Page 7 of 12study of each refinery would have required individual
data on each case, which was not available for our
study. In the study of environmental factors that can be
associated with health outcomes the availability of a
large data set is an advantage in most situations; never-
theless a naive analysis of such data can produce biased
results due to confounding. In this study we initially
fitted a spatial model using all Spanish municipalities to
perform an exploratory analysis. This analysis provided
an initial assessment of the presence of association
between NHL mortality and residence in the vicinity of
refineries; however, we could not be confident that the
large heterogeneity among the municipalities regarding
population, socio-demographic characteristics and level
of industrialization had been fully controlled by the spa-
tial model.
We therefore performed a matched analysis over a
sample of the municipalities. If the matching is accurate,
accounting for the matching in the analysis will elimi-
nate confounding by the matching variable [24]. Conse-
quently, we matched geographical areas with the aim of
eliminating potential confounders such as socio-demo-
graphic status and level of industrialization: Some of the
refineries were located in middle size cites and others
close to big cities but none in small towns (about 50%
of the Spanish municipalities have a population below
5000 inhabitants); and some of the refineries were
located in highly industrialized regions implying more
sources of industrial pollution. The final number of
selected areas provided a reasonable sample size, choos-
ing too many matched unexposed areas could introduce
residual confounding into the analysis due to less com-
parability in term of matching factors. We matched
areas, not municipalities, to account for the continuous
nature of the pollutant emissions that move through the
artificial administrative boundaries.
The main objective of this analysis was to study the
links between NHL mortality and exposure to refineries;
however, we could not ignore the strong regional varia-
tion of the NHL mortality shown in previous studies
conducted in Spain [16,25]. The omission of regional
data would have generated biased results, and therefore
misleading conclusions, given that two of the refineries
are located in the regions with higher NHL risk, Canary
Islands and Galicia.
We used a mixed effect Poisson model to analyse the
matched data because this allows for extra-Poisson var-
iation resulting from unmeasured confounders and mis-
classification [26]. Previous studies have suggested using
conditional Poisson regression models to approach the
study of matched data [27]; however, this does not allow
extra-Poisson variation.
Figure 3 Map of the areas. Refineries in blue dots and the non-exposed areas in red dots.
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Page 8 of 12To the best of our knowledge, this is one of the first
point source modelling studies that has used matched
geographical areas. We have already mentioned a study
conducted in the UK where a highly industrialized
region was matched with a similar region without
industry according to its socio-economical characteris-
tics [6]; however in our study we have matched several
exposed areas with multiple non-exposed and used
more data sources in the matching strategy. Neverthe-
less, limitations of our approach mainly came from the
nature and definition of the available data including
the ecological nature of the socio-demographic data
and the lack of information on specific industrial
emissions.
The study used mortality data from the official regis-
ters. Unfortunately, at present there is no nationwide
cancer register in Spain. The non-inclusion of incidence
data is an important limitation on the study of potential
risk factors. The lack of information about non-lethal
cancer cases may bias the analysis; however, according
to Gomez-Perez et al. [28], in Spain relative effects of
morbidity associated with tumours that have lower sur-
vival rates are well represented by death certificates.
Furthermore, we believe ther ea r ea tm o s ts m a l ld i f f e r -
ences in survival rates or quality of care between regions
due to the universal health system established in Spain
in 1986. According to the EUROCARE-4 the overall
five-year survival rate of NHL for Spain is 51.9% [29].
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Figure 4 Graphs of residuals vs distance. The straight line is the lowess smoother and the dashed lines are point wise 95% confidence bands.
For non-exposed areas the represented distance is the distance from the municipal centroid to the centre of the area, dots with distance equal
0 are the municipalities located in the centre of each non-exposed area.
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Page 9 of 12Another delicate decision was the use of distance as
proxy for exposure, which may introduce bias; for an
extended discussion about this topic, see for example
[9,30]. Yet, we would like to point out that the use of iso-
tropic distance instead of a more general metric may
introduce bias in the results; however, these problems
would tend to affect the analysis by restricting the ability
to find positive results, shifting the results towards the
null hypothesis, rather than providing spurious associa-
tions. Another important decision in the definition of the
exposure variable was the maximum distance of 10 km.
The previous studies on refineries and petrochemical
plants defined shorter distances but due to the aggre-
gated nature of our data, the spatial distribution of the
residential areas in Spain (normally around the town cen-
tres with large empty areas between towns), and the large
areas occupied by the refinery plants, a smaller buffer
would have provided very few exposed individuals.
Another limitation is the use of aggregated data for the
exposure variable that implied important assumptions.
We assumed that registered place of residence deter-
mines the estimated exposure; hence no allowance is
made either for long-term movements between different
addresses or short-term movements between home and
work; instead we considered that the whole municipal
population to be exposed to the same type and amount
of pollutant substances. These assumptions could intro-
duce a misclassification problem to add to the intrinsic
ecological bias present on ecological studies (Ecological
fallacy); nevertheless the use of small areas (municipali-
ties) as units reduces the risks of ecological bias and mis-
classification [31].
The lack of risk gradient with distance is consistent
with previous studies in the UK [5]. In this study we con-
sider residence as place of outdoor exposure to refineries
emissions. We do not consider occupational exposures,
indoor exposures or other outdoor exposures to sub-
stances that could be related to a risk increase. All those
factors may contribute to non-differential exposure mis-
classification which can bias the results but also could
hinder the detection of a distance effect over the risk of
NLH mortality.
The aetiology of NHL is rather poorly understood
[32]. The best described risk factor for NHL is immune
deficiency. Some theories have associated it with the
HIV epidemic [33], though the inclusion of Highly
Active Antiretroviral Treatments (HAARTs) does not
appear to have affected the rising trend in NHLs [34].
However, these specific infections account for a very
small proportion of total NHL incidence. In addition to
immune deficiency and infection, other immune-related
conditions like rheumatoid arthritis, systemic lupus
erythema, Sjogren’s syndrome, psoriasis and coeliac dis-
ease, are increasingly being recognised as related to
NHL risk [35]. A variety of other exposures are less
strongly related to NHL risk.
From the chemical exposure point of view, some stu-
dies have linked lymphomas to exposure to substances
such as agricultural chemicals [34], pesticides [36] and
dioxins released by incinerators [37]. Alternatively, a
number of occupational exposure studies reported
higher NHL incidence and mortality among workers
exposed to industrial solvents [38,39]. Two recent meta-
analyses of cohort and case-control studies of NHL,
benzene and refinery work provided evidence that ben-
zene is associated with NHL [40,41]. Benzene is a
known human carcinogen and has been shown to have
the ability to produce chromosomal and genetic changes
important to NHL induction [1]. Benzene was also
linked to lymphomas in several animal studies including
the 1986 US National Toxicology Program carcinogeni-
city bioassay of benzene [42-45].
Previous studies of NHL and environmental exposure to
industrial pollution offered opposite results; De Roos et al.
[11] did not find association between living near industries
and increase in NHL. However, two case-control studies
conducted in the US and Canada [8,12] and a study in
Spain [9] suggested the existence of association between
residence in the proximity of industry and increase in
NHL. According to the IARC, the substances associated
with NHL are tetrachloroethylene, classified as probably
carcinogenic to humans (Group 2A); and ethylene oxide,
classify as an agent carcinogenic to humans (Group 1) [1].
Preceding studies that analysed specifically the possible
effects of residence near petrochemical plants suggested
association, but neither of them was conclusive. De Roos
et al. [11] evaluated the risk of NHL associated with resi-
dence within 2 miles of industries. Their study included
94 cases and 76 controls living within 2 miles from refi-
neries. Risk for follicular lymphoma showed an association
but not statistical significance (OR = 1.1, CI: 0.7-1.9). In a
previous case-control study Linos et al. [12] found an
increase in NHL risk among those living near petrochem-
ical industry; however this was not statistically significant.
That study included 14 cases and 18 controls within 3.2
km from the facilities (OR = 1.5, CI: 0.7-3.2). Our results
agree with previous studies showing increased risk; but
with estimated RRs were generally closer to statistical sig-
nificance. In our study the number of cases in the exposed
areas was 1,134, 589 men and 545 women, while the num-
ber of cases in non-exposed areas was 3933, 2038 men
and 1895 women. Though case-control studies and ecolo-
gical studies are not directly comparable, the more statisti-
cally conclusive results presented in this study could be
due to the larger number of cases included in both
exposed and non-exposed categories.
In our results the most important contribution to
mortality risk came from its spatial distribution, as
Ramis et al. International Journal of Health Geographics 2012, 11:4
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Page 10 of 12expected from previous studies [16,25]. The excess of
risk in the regions of Canary Islands and Galicia and
low risk in Madrid were already shown in the atlas of
municipal mortality cancer in Spain [16]. This regional
variation has also been shown in analyses of cancer inci-
dence. The regional and local cancer registers network
(REDECAN) covers the 26.5% of the total population
gathering incidence data. A recent study based on these
data studied the evolution of the incidence of NHL dur-
ing the last decades [25]. Four of the 13 registers of the
network are located in regions that have refineries
within their boundaries. The results of this study
showed increased risks for Canary Island, Tarragona
(Catalonia) and The Basque Country, while Murcia
showed risk below one. Unfortunately, the unknown
aetiology of NHL hinders the formulation of theories to
explain this regional variation.
The results of our analyses showed similarity in the RRs
for the exposure variable for men and women, this fact
suggests that environmental risk factors contribute to var-
iation in NHL mortality risk. An examination of the infor-
mation contained in the E-PRTR for 2007 showed that all
the refineries but one reported emissions above the
thresholds that determined their inclusion in the registry,
for the following heavy metals: chrome, lead, nickel and
zinc. Furthermore, 8 facilities reported emissions of
arsenic, 7 facilities reported emissions of cadmium, 6 facil-
ities reported emissions of benzene and 4 reported emis-
sions of dioxins and furans (PCDD+PCDF). All the above
mentioned compounds but lead, are classified by IARC as
agents carcinogenic to humans (Group 1); lead is classified
by IARC as probably carcinogenic to humans (Group 2A).
In addition two facilities also reported emissions of
naphthalene and polychlorinated biphenyls, and a different
one reported emissions of vanadium. These three com-
pounds are classified as agents possible carcinogenic to
humans (2B) for the IARC [1]. None of the refineries
reported emissions of the chlorinated solvent tetrachlor-
oethylene or ethylene oxide. However, refineries can be
associated with exposure to many different chemical
agents, so this analysis by itself does not provide direct evi-
dence that any single agent is responsible for the observed
increase.
Conclusions
T h er e s u l t ss u g g e s tap o s s i b l ei n c r e a s e dr i s ko fN H L
mortality among populations residing in the vicinity of
refineries, but do not show a gradient in relation with
increasing distance; however the regional effect is stron-
ger in the Canary Islands and Galicia. In order to confirm
or reject these results, it would be of great interest to
seek to improve the exposure markers and ascertain pre-
cisely what is happening in the environs of each specific
installation. In addition, the availability of incidence data
would be very useful to study the less aggressive non-
lethal NHL cases, which are not included in this study.
Despite all the limitations mentioned above, the innova-
tive design of the present study allows the transference of
many of the advantages of case-control studies to ecologi-
cal studies. Matching geographical areas according to
socio-demographic characteristics can be a useful tool in
the study of environmental factors in health outcomes.
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